Abstract: The color and aroma properties of Pandanus amaryllifolius Roxb. leaves (pandan) were studied by mechanical extraction using normal and turbo blade blenders under different blending times (60-180 s). The extracted juice was freeze-dried into powders and its aroma components were measured in a solid-phase microextraction using gas chromatography/mass spectrometry (SPME-GC/MS) analysis. The turbo blade blender provided maximum color pigment of greenness and yellowness at blending time of 90 s as compared to the normal blender that required 180 s. In GC-MS analysis, the major component, 2-acetyl-1-pyrroline, was found to be one time higher in the freeze-dried pandan juice samples obtained from turbo blade blender than normal blender. Other components including the cis-3-hexanal, 2-methylene-4-pentenenitrile and 1,2,4-trimethylbenzene were also detected in the samples. In conclusion, the turbo blade blender is more effective than normal laboratory blender in terms of color extraction, particle size reduction and the aroma retention.
Introduction
Color is one of the most important elements in the food industries for food franchise businesses, food advertisements and agricultural sales. The food color preference has fundamentally interesting features to attract consumers [1, 2] . Most colorants are artificial or synthetic and mainly derived from minerals. In the last few decades, many studies have reported on the toxicology of the food colorant available in the market [3] . It was observed that several synthetic color pigments are unsafe and harmful to human health [4, 5] . Therefore, the demand for natural color is growing steadily because of environmental pollution and toxicity associated with the use of synthetic color.
Natural colorant in biological systems is considered as color additives derived from flora and fauna by extraction or other physical processing [6] . Several factors influence the production of natural colorants such as pigment source, extraction process and stability of colorants [7] . The extraction method used mainly depends on the nature of the color, the source of the material and the types of extracting solvent. An optimized extraction condition is very important to increase extraction yield and to reduce raw material usage while it is also essential to decrease degradation and increase shelf-life of extracted color. A number of techniques have been used for the extraction of natural color pigments, including supercritical fluid extraction, aqueous extraction and enzyme-assisted extraction [8] [9] [10] . In recent times, green extraction methods, i.e., without using chemicals, are growing increasingly due to safe-to-use and nontoxic effects on human.
Pandanus amaryllifolius Roxb. (Pandanaceae) is an erect green herb with fan-shaped sprays of long, narrow, bladelike scented leaves commonly distributed from seaside to high mountains in tropical countries [11] . It is an important source of natural flavoring that is widely used in Asian countries, including Malaysia, Indonesia, Thailand and India. Among 36 species that has been recorded, P. amaryllifolius Roxb. and P. odoratissimus Linn. are of commercial interest to the flavor industry due to their aroma [12] . Pandan leaves are regularly used to provide fragrant flavor to both sweet and savory and also used in cooking to impart flavor and color to various rice varieties [13] . They have a nutty, botanical fragrance that enhances the flavor of Malaysian (nasi lemak), Indonesian, Filipino, Thai, Vietnamese and Burmese foods, especially for rice dishes and cakes and desserts. The leaves discharge a pleasant aroma, mainly due to the presence of aromatic component 2-acetyl-1-pyrroline (ACPY) [14] .
In Southeast Asia, the leaves are used medicinally to refresh the body, reduce fever and improve the digestion system and flatulence [15] . In addition, they act as diuretic, cardiotonic and antidiabetic agents and are used to treat skin diseases [16] . The oil from the leaf can be used as a stimulant and is antispasmodic which is used to treat various ailments such as headaches, rheumatism, epilepsy and sore throats. The leaves contain various bioactive components such as essential oils, carotenoids, tocopherols and tocotrienols, quercetin, alkaloids, fatty acids, esters and no-specific lipid transfer proteins [17] . Senklang and Anprung [18] investigated the formation of Zn-chlorophyll complexes in pandan leaf using pectinase-assisted enzymatic extraction with an aim to produce a natural green chlorophyll derivative.
The study of natural color extract and flavors from pandan leaves is very important as the pandan extract available in the market today often contains artificial green coloring. Therefore, the present study was carried out to investigate the color and particle size characteristics of pandan juice from two types of blender, the normal and the turbo blade blenders under different blending times. In addition, color and aroma profiles of freeze-dried pandan juice powder (FDPJ) obtained from both the blenders were also determined.
Experiment

Plant material
Fresh pandan leaves purchased from local market were washed thoroughly under running tap water and dried under the fan to remove excess water before weighing. Only leaves where their color was in the range of L* value from 30.00 to 50.00, a* value from -7.00 to -15.00 and b* value from 15.00 to 45.00 were selected for this study.
Extraction of juice from pandan leaves
Two types of blenders, namely the normal laboratory blender (8010G, HGBTWTG4, USA) and a turbo blade blender (MFM202, M-Plan Multi-purpose Oxygenic Diet Processor, Malaysia) were used to obtain juice from pandan leaves. About 30 g of pandan leaves were added into 150 mL of distilled water and blended for 60, 90, 120, 150 or 180 s to evaluate the effect of blending times toward particle size distribution and quality of the extracted pandan juice. At the end of each blending, the temperature of the blended juice was measured by using a glasstype pocket mercury thermometer. The mixture of the extracted juice was filtered manually by using a filter with a mesh size of 0.112 mm and its amount was measured using a measuring cylinder. The samples were prepared in triplicates.
Determination of particle size
The particle size of the blended pandan leaves was measured using a particle size analyzer (Mastersizer 2000, Malvern, England). Approximately 0.5 g of dry blended pandan leaves were analyzed and the particle size distribution curve was plotted in terms of percentage of total sample volume over size range. The average particle size was recalculated using eq. (1):
Average particle size, μm =
where f is the frequency (% volume) and x i is the center point of the particle size in each class range.
Freeze-drying of pandan juice
A part of the extracted pandan juice was stored in a microwave plastic container. The juice was frozen in a chest freezer (MDF435, Sanyo, Japan) for 12 h at -23°C. Then the frozen pandan juice was put into the specimen chamber of the vacuum freeze-dryer and dried for 72 h (SB4, Manufacturer of freeze dryer Bew Hay, UK). The FDPJ was stored in an airtight, low-density polyethylene zipper bag and sealed using a plastic sealer and stored in a desiccator.
Determination of color of pandan juice and FDPJ
The color of the extracted and FDPJ was measured using a Haunter Lab colorimeter (USP1431, UltraScan Pro, USA). The Hunter Lab colorimeter allocates each sample a color coordinate within the CIE (Commission Internationale de l′ Eclairage) Lab three-dimensional (L*, a*, b*) color space. The intensity of color is expressed in terms of L* lightness, a* greenness and b* yellowness. The parameter of L* measures the luminosity of the sample from black (L* = 0) to white (L* = 100). For a*, the degree of measurement varies from pure green to pure red, while b* varies from pure blue to pure yellow. The colorimeter was calibrated with a standard white tile, followed by a black tile and/or by a green tile. A glass cuvette filled with the sample was placed on the top of the light source and covered with the black cover provided with the instrument. The color values of L*, a* and b* were taken in triplicate for each sample.
Solid-phase microextraction sampling
The aroma components from the FDPJ were extracted using solid-phase microextraction (SPME). The SPME fiber was coated with divinylbenzene/carboxen (50/30 µm, with needle size 24 gauge) (57328-U Supelco, Sigma Aldrich, USA). For each extraction, 1 g of FDPJ was placed into a 20 mL flat bottomed headspace vial (5182-0837, Agilent, USA) sealed with tan teflon/white silicone septa, silver aluminum crimp cap of 20 mm (5183-4478, Agilent, USA). The fiber was exposed into the vial and the samples were heated in a water bath for 20 min at 50°C before the fiber was inserted into the gas chromatography (GC) injection port.
Aroma analysis by GC-mass spectrometry
The volatile compounds of FDPJ were analyzed on a GC (Shimadzu GC-17A) coupled to a mass spectrometer (MS) (Shimadzu QP5050, Shimadzu Co. Ltd., Kyoto, Japan). The components were separated on a HP-5MS capillary column (30 m × 0.25 mm i.d., 0.25 µm film thickness, 5% diphenyl to 95% of dimethylsiloxane, Agilent Technologies, USA). The fiber with trapped volatile component from the FDPJ was injected into the split injector port with a split ratio of 1:75. The column inlet pressure was held at 67.5 kPa and the total flow rate was 93 mL/min. Helium was used as the carrier gas with a flow rate of 1.3 mL/min. The injector temperature was 250°C. The oven temperature program was 40°C for 10 min, increased by 5°C/min to 150°C and was maintained for 1 min, then increased by 25°C/min to 250°C. The heating was remained at 250°C for 3 min. For the quantification of ACPY in FDPJ, an internal method for quantitative analysis of 2,4,6-trimethylpyridine as reported by Laohakunjit and Noomhorm [14] and Yahya et al. [19] was used. The other volatile components were identified by comparison of their mass spectra and retention times with those reported in NIST 147 library (National Institute Standard of Technology). The components were confirmed by comparing the retention index with the previous literature [20] .
3 Results and discussion
Color profile of extracted pandan juice
The amount of juice extracted using normal laboratory blender was almost same at different blending times (153.8 ± 0.45 mL). However, the amount of the juice extracted using the turbo blade blender decreased with increasing the blending time. The amount of juice was 144.33 ± 0.58 mL at 60 s blending time and reduced to 139.33 ± 4.16 mL at 180 s blending time.
The color profile of the pandan juice obtained by using normal laboratory blender and turbo blade blender at 60, 90, 120, 150, and 180 s is illustrated in Figure 1 [21] . Extraction of chlorophyll from pandan leaves using the normal blender resulted in higher L*, a* and b* values as blending time increased suggesting greater color (dark greenish), while in the turbo blenders, the color (dark brownish) with decreased L*, a* and b* values for longer blending times.
Temperature profile of pandan juice
The temperature profile of pandan juice was observed at different blending times. The heat generation during blending is higher in the juice obtained using turbo blade blender than the normal laboratory blender. The increment of the temperature in the extracted juice is directly proportional to the blending time. Referring to Figure 2 , the degradation of the color starts when temperature of the extracted juice achieved 42.5°C ± 0.87, which corresponded to the blending time of 120 s using the turbo blade blender. When using the turbo blade blender, blending time beyond 120 s up to 150 s resulted in color degradation in a straight line. For the normal laboratory blender, the heat generation during blending is slightly lower and the highest temperature of the extracted juice was at 38.66°C ± 1.04. The color loss of the pandan leaves is due to heat generation while increasing the blending time. The chlorophyll undergoes isomerization when increasing the temperature. It was observed that higher temperature significantly reduced chlorophyll content of the pandan juice. The natural green color of leaves is mainly due to the mixture of chlorophyll which is directly related to magnesium ion. During heat treatment, the magnesium molecules in the chlorophyll are converted into pyropheophytin and pheophytin [22, 23] . The conversion of chlorophylls to pheophytin and pheophorbide results in a change from bright green to dull olive green or olive yellow [24] . Similarly, Vongsawasdi et al. [25] reported that the chlorophyll content in pandan juice decreased with increasing the pasteurization temperature and time.
Particle size analysis
The average particle size of the blended pandan leaves using normal laboratory blender was 262-275 µm. For turbo blade blender, the average particle size obtained was 88-123 µm. The efficiency of the blender is mainly due to the rotational speed and shape of the blade (cutter) in the blender. The normal laboratory blender has a rotational speed of 15,000 rpm while for turbo blade blender the rotational speed was 20,000 rpm. In the normal laboratory blender, the cutter is made up of four impellers with smooth edge surface while for the turbo blade blender, its blade is made up of three impellers with sawtooth-like edges. The sawtooth-like edges is a great factor that aids in the grinding process. Thus, the efficiency of the turbo blade blender was greater than normal blender for particle size reduction. In most cases the effect of particle size was examined in the literature by fractionation of the crushed raw material followed by extraction of the fractions [9] . The reduction in particle size during extraction can be related to the greater stability of color and it is also an important factor in preventing sedimentation of samples during blending [26] . Figure 3 shows the color changes of pandan juice after freeze-drying. L*, a* and b* values of FDPJ increased for both the blenders. However, the increase in the L* value for normal blender was lower than L* value for turbo blade blender. The highest L* value for turbo blade blender was 63.72 ± 1.30, whereas the highest L* value for normal laboratory blender was 52.26 ± 0.18. Interestingly, for the turbo blade blender, the L* value of FDPJ increased slightly with increasing blending times. The increase of a* was due to the concentrated condition of the green pigment, where after freeze drying, water was removed from the juice, causing the juice to become more concentrated. The normal blender was provided a higher a* value (-6.67 ± 0.12 at 150 s blending time) than the turbo blade blender (-5.88 ± 0.14 at 90 s blending time). For the b* value of the FDPJ, the turbo blade blender gave higher values than the normal blender ( Figure 3 ). The highest b* value for turbo blade blender was 18.38 ± 0.57 (at 120 s) and for normal bender was 14.94 ± 0.39 (at 150 s).
Color profile of FDPJ
From the color results of FDPJ, freeze-drying is considered as one of the best ways to extend the shelflife of extracted color, while it also gives less color degradation to the chlorophyll and preserves the original flavor of the pandan juice. Drying helps to improve the stability of color while at the same time it also provides benefits of storage of the color at room temperature, convenient handling (powder) and extending shelf-life [27, 28] . Figure 4 shows that the turbo blade blender is better in the extraction and gave higher concentration of ACPY. The highest concentration of ACPY at 0.0081 ± 0.0022 µg/g was obtained at 120 s blending time while for the normal laboratory blender, it was 0.0043 ± 0.0008 µg/g at 150 s. The turbo blade blender gave almost 50% higher ACPY concentration than the normal blender. The freeze-drying is expected to give minimal variations to the aroma components of the pandan juice where its volatile components were analyzed using GC-MS. As the ACPY existed in most of the samples at high concentrations, it was considered that ACPY is the major volatile component that characterizes the fragrance of pandan. Laohakunjit and Noomhorm [14] also extracted ACPY and other volatile components from pandan leaves using supercritical carbon dioxide. Besides ACPY, other volatile components detected in the GC-MS analysis are also listed in Table 1 . The volatile component that existed for both blenders are ACPY, 3-hexanal, 2,3,4,5-tetrahydropyridine and 1,2,4-trimethylbenzene. This result is different from Cheetangdee and Chaiseri's work [29] , who detected ACPY, 3-methyl-2(5H)-furanone, cyclohexanol, cyclohexanone, N-octanal, nonanal, 2-ethyl-5-methylfuran and 1-isocyanato-2-methoxybenzene. On the other hand, Laohakunjit and Noomhorm [14] detected volatile components in pandan leaves such as ACPY, 1-butanol, 1-penten-3-ol, isoamyalcohol, cis-3-hexenal, 2-butanone, 2-penten-1-ol, cis-3-hexenol, nonanal, octane, 2-ethyl-1-ethanol, benzaldehyde and 3-methyl-2 (5H)-furanone. The detected volatile components were not similar to each other. Previous studies have reported that the season, geographical origin, extraction methods and analytical techniques are highly influential on chemical composition of volatile components [30, 31] .
Aroma analysis of FDPJ
Conclusion
The turbo blade blender provided better color profile of darker luminous green in extracted pandan juice than the normal laboratory blender. A higher blending time led to the generation of heat and temperature increase where beyond 42.5°C, some color loss occurred. Despite heat generation at the longer blending time, the turbo blade blender extraction method had advantages of high color quality, particle size reduction and retention of aroma in the freeze-dried powder which is useful for the industrial production of green colorant from pandan leaves with good quality. Freeze-drying of the extracted juice has helped to concentrate the color to a darker green. 
